An unprecedented retrocyclization of 1,3-dithiolium cations in the presence of methylamine has been discovered that leads to the corresponding dithiocarbamates. X-ray structural analyses of two products confirm the reaction outcome.
5 eq. MeNH 2 (33% in EtOH) Introduction 1,3-Dithiolium salts are well known precursors of tetrathiafulvalenes, compounds with wide applications in materials chemistry. 1, 2 However, reviews of their chemical properties make clear that their chemistry is by no means limited to tetrathiafulvalene preparations. 3, 4 The electrophilic properties of the C-2 atom lead to many interesting reactions; for example, the interaction of these cations with nitrogen nucleophiles has usually been exploited for the synthesis of 2-iminochalcogen fulvalenes. [5] [6] [7] However, 1,3-dithiols were reported to undergo ring-opening reactions under various conditions. Thus, the reactions of 4-(2-hydroxyaryl)-2-(N,N-dialkylamino)-1,3-dithiolium salts with sodium sulfide enneahydrate in boiling ethanol provided the corresponding substituted 2-hydroxyacetophenones by carbon disulfide extrusion. 8 An amine-mediated ring-opening reaction of 2-methylene-1,3-dithioles activated by electron-withdrawing groups was discovered, and a new route to highly substituted thiophenes was developed via the ring opening of 1,3-dithioles and subsequent intramolecular annulation and amine substitution. 9 Moreover, the ring opening reaction of 1,3-dithiol-2-one systems was reported to be reversible. 10 Acetylenic amines and sodium sulfide have also been employed in ring opening of 3-azaisatoic anhydride and epoxides. 11, 12 We report here a new reaction, namely the methylamine-induced retrocyclisation of 1,3-dithiolium rings to the corresponding N,N-dithiocarbamates .
Results and Discussion
Following previous experiments, in which the treatment of 1,3-dithiolium salts of type 1 with n-propylamine and iso-butylamine provided the corresponding 1,3-dithiol-2-imine derivatives, 7 we extended this study to the reaction of 1,3-dithiolium cations with methylamine. Thus, by treating a suspension of 1,3-dithiolium perchlorates 1a-j in ethanol with excess methylamine (33% in ethanol) a homogeneous solution was obtained from which solid products were precipitated by water (Table 1) . Unexpectedly, the spectral analysis of these products indicated the structure of the 2-hydroxyphenacyl dithiocarbamates (2) , compounds that were previously obtained by the reaction of the corresponding substituted ω-bromoacetophenones with various salts of dithiocarbamic acids.
The NMR analysis of the crude reaction mixture also indicated the presence of small amounts of the corresponding 2-hydroxyacetophenones along with other unidentified compounds. This is in accordance with our previous findings, whereby the treatment of 1,3-dithiolium salts with sodium sulfide in ethanol under reflux conditions also afforded the corresponding 2-hydroxyacetophenones. 8 The presence of the hydroxy group was found to control the outcome of that reaction. Consequently, we assume that, in a first step, methylamine attacks the electron-deficient C-2 position of the 1,3-dithiolium ring, and then the ring opening takes place with the formation of a methyl imine intermediate. The formation of the dithiocarbamates requires, in this step, a sulfur nucleophile to replace the methyl imine moiety. Bearing in mind that all these dithiocarbamates were isolated in less than 50% yield, it is reasonable to assume that the sulfur atom originates from the decomposition of a part of the methyl-imine intermediate, providing the corresponding 2hydroxyacetophenones identified in the crude reaction mixture. Finally, the acid hydrolysis of this mixture provides the oxygen atom of the carbonyl group. This behavior of the 1,3-dithiolium cations towards methylamine has not been reported before. The methyl-imine moiety probably plays an important role for the reaction outcome. This reaction may serve as a model for ring opening of other cyclic cations of this type.
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X-Ray analyses
Molecular structures of dithiocarbamates (2a) and (2b), based on X-ray analyses, are presented in Figure 1 and Figure 2 , respectively. Both compounds have an intramolecular hydrogen bond indicated by a dashed line. The molecular structure of 2a is planar (mean deviation 0.027 Å) except for the hydrogen atoms at C8, C10 and C11. The molecular structure of 2b consists of two planar regions: the left-hand side up to and including C8, and the right-hand side from C8 to the dimethylamino group. Mean deviations are 0.024 and 0.033 Å, respectively, and the interplanar angle is 79.4°. The methyl hydrogens at C10 (for 2a), C10 and C11 (for 2b) were disordered over a hexagon of half-occupied positions. Conclusions 1,3-Dithiolium ring opening in the presence of excess methylamine is reported. This is an unprecedented reaction since 1,3-dithiol-2-imines are usually formed. The phenacyl dithiocarbamates obtained are identical with those obtained by alternative methods. The structures of the two products were confirmed by X-ray structural analysis. This reaction may serve as a model for ring opening of other cyclic cations of this type.
